Alignment and Controlled Rotation of Microparticles in Gaussian Beam Laser Traps by Bishop, A. I. et al.
Preprint of:
A. I. Bishop, T. A. Nieminen, N. R. Heckenberg, and H. Rubinsztein-Dunlop
“Alignment and controlled rotation of microparticles in Gaussian beam laser traps”
in D. Neilson (ed)
Proceedings of the Australian Institute of Physics 15th Biennial Congress 2002
CD-ROM, Causal Productions (2002)
Presented at:
Fifteenth AIP Biennial Congress 2002/AOS2002
Sydney, Australia (2002)
Alignment and controlled rotation of microparticles in
Gaussian beam laser traps
A. I. Bishop, T. A. Nieminen, N. R. Heckenberg, and H. Rubinsztein-Dunlop
Centre for Biophotonics and Laser Science, Department of Physics,
The University of Queensland, Brisbane QLD 4072, Australia
Phone +617-3365 2422, fax +617-3365 1242
timo@physics.uq.edu.au
Abstract
It has been recognised that the ability to controllably rotate and orient optically
trapped microparticles is a major advance in the manipulation possible with a
laser trap, and a variety of schemes to achieve this have been proposed and
tested. However, these generally require particular types of particles or spe-
cial/multiple beams, greatly restricting their applicability.
We present experimental results showing that it is possible to achieve controlled
rotation and alignment of at least some non-absorbing isotropic particles in a
single-Gaussian-beam trap. Our results suggest that this method might be of
particular value in the manipulation of naturally occuring particles, including
biological specimens.
1 Laser trapping—optical force and torque
Optical forces have been widely used to trap and manipulate microscopic particles for many years
(Ashkin 1970). More recently, there has been strong interest in the rotation of microscopic objects,
trapped or otherwise. The ability to optically generate torque introduces the possibility of true three-
dimensional manipulation within laser traps. This is of interest not only for simple manipulation, but
also for the use of rotation as a tool to probe microscopic properties of fluids or biological specimens
(Nieminen 2001), and the possibility of developing optically powered and controlled micromachines
(Friese 2001, Galajda 2001).
In the same way that the optical forces in laser trapping arise from the transfer of linear momen-
tum from the trapping beam to the trapped particle, optical torques are produced by the transfer of
angular momentum from the illuminating beam to the particle.
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2 A brief history of optical rotation
A number of quite distinct methods have been used to achieve rotation (and alignment) of micro-
scopic objects. Although these methods have proven useful, they have serious limitations with re-
spect to general applicability.
• Absorption of angular momentum
Electromagnetic radiation fields can transport both spin and orbital angular momentum (Pad-
gett 2000), and the absorption of either results in torque (Friese 1996, Friese 1998a). Since the
torque depends on absorption, scattering forces make three-dimensional trapping difficult, ac-
curate control of the torque can be difficult to achieve, and the resultant heating can readily
result in damage to the trapped particle, especially in biological applications.
• Using birefringent particles as microscopic waveplates Since birefringent materials can act
as waveplates, changing the polarisation state, and thus the angular momentum of transmit-
ted light, strong torques can be generated without absorption or heating (Friese 1998b). This
method is, obviously, restricted to birefringent particles.
• Using specially fabricated particles Specially fabricated particles can be used as optical “wind-
mills” for torque generation (Luo 2000). The rotation results from the incident light being pref-
erentially scattered either clockwise or anticlockwise relative to the particle axis.
• Using specially shaped beams Specially shaped beams, with non-axisymmetric irradiance dis-
tributions in the focal plane, produce non-axisymmetric trapping potentials, and non-spherical
objects will align with the trapping potential (O’Neil 2002, Paterson 2001).
3 The simplest possible rotation scheme?
Noting the well-known tendency of elongated dielectric particles to align with static electric fields,
we suggest that the simplest scheme for the rotation and alignment of microscopic particles is to use a
plane-polarised Gaussian TEM00 beam. The only requirement is that the particle be non-spherical—
thus this is a technique of broad generality.
Numerical calculating using either the discrete-dipole approximation or the T-matrix method show
that the desired alignment occurs when a microscopic non-spherical particle is illuminated by a
tightly focussed laser beam.
4 Experimental results
A standard optical tweezers setup was modified by adding a half-wave plate into the beam path be-
fore the initially plane-polarised beam enters the objective lens. The half-wave plate was mounted so
that it could be rotated, thereby controlling the plane of polarisation of the plane-polarised trapping
beam. Glass rods of length ≈ 10 µm were used as the alignable particles.
The glass rods were observed to align with the plane of polarisation of the beam, as expected. By
rotating the waveplate, the rods could be controllably rotated. Figure 1 shows the rotation of a rod.
5 Conclusion
The alignment of non-spherical particles in plane-polarised Gaussian beams allows rotation and
alignment of microobjects in laser traps, without impairing the efficiency of the trap. This very simple
and general technique should prove widely useful.
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Figure 1. Rotation of microscopic glass rod. The axis of the rod remains parallel to the rotating plane
of polarisation of the trapping beam. The frames show the rod every 0.04 s.
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